Purpose. To review the available literature on the applications of nuclear magnetic resonance (NMR) spectroscopy in cardiovascular disease identification and aetiology. Methods. A systematic literature search of peer-reviewed journals for the period January 2000 to June 2012 was performed using EMBASE and Web of Knowledge (WOK) databases. Several hundred reports were identified. Abstract searching led to the selection of articles included. Results. Numerous studies show the breadth of applications of NMR spectroscopy in relation to cardiovascular disease including lipid and lipoprotein formation, structure, and drug interaction. Lipoprotein and metabolite profiles have been shown to vary with many manifestations of cardiovascular disease. Conclusion. The inherent accuracy and reproducibility of NMR spectroscopy allow subtle differences in lipoprotein and metabolic profiles to be detected. As more information is obtained and cardiovascular disease applications of NMR spectroscopy increase, there is potential that a route towards reducing the burden of this worldwide problem may become evident.
Introduction
The focus of this paper is cardiovascular disease, the underlying cause of which is atherosclerosis, and how the analytical technique of nuclear magnetic resonance (NMR) spectroscopy is being utilised to gain a better understanding in this area.
In the developed world atherosclerosis is the number one cause of death [1] , and it is projected that this will be true globally in the near future [2] . As well as major morbidity and mortality implications, the financial burden that this condition presents is huge with the cost estimated at over $500 billion in the United States alone in 2010 [3] . Heart attack and stroke are the main manifestations of this inflammatory disease. Immune responses play an important role in complex events, including accumulation of lipids, that eventually result in plaque formation [4] . A greater understanding of disease initiation and development could reduce the effects of this worldwide problem, and NMR spectroscopy has the potential to contribute to this cause.
Nuclear magnetic resonance spectroscopy is a widely used technique in chemistry that provides detailed information on the structure of molecules and their relative concentrations in complex mixtures such as biological fluids or extracts from cells or tissues [5] [6] [7] [8] [9] [10] . Detailed protocols for the preparation and analysis of common fluids and tissue for such studies are available [11] [12] [13] . NMR spectroscopy may also be conducted on solid state samples, complementing magnetic resonance imaging (MRI) studies. While MRI can undoubtedly be informative in monitoring the progression of disease states, its practice and data interpretation procedures are significantly different to those used with solution phase systems; thus, work in this area is not included in the current paper. NMR spectroscopy may be used to monitor specific components of complex matrices; these components are categorised as either high (generally lipid or lipoprotein containing) or low molecular weight entities (such as amino acids); this division is utilised for the purpose of this paper.
The output of an NMR experiment is a spectrum. The signals in the spectrum arise from nuclei in molecules which possess a property called "spin." Only certain nuclei have "spin"; 1 H, 13 C, and 31 signal is directly related to the concentration of the nucleus and this is key to the utility of the technique. A variety of NMR experiments may be conducted to effectively filter the information content of the spectrum, that is signals from high or low molecular weight (see above) entities may be selectively detected without the need for physical separation of these species. An illustration of an NMR spectrum is provided in Figure 1 .
The way in which the spectral data is interrogated depends on whether a "targeted" or "global" search is being conducted. If targeted, then the shape of, or area under, the resonances for specific molecules is quantified. In the global (so-called nonhypothesis based) search the whole of the spectrum is considered and compared across, for example, different patient cohorts. As the global approach is generally concerned with identifying and quantifying low molecular weight components (i.e., metabolites), these are called metabolomics or metabonomics studies, and the data collected is interrogated using a chemometric approach [14] .
There are a number of reviews which describe the theoretical background to the NMR technique [15, 16] and a chemometric approach to data analysis [17, 18] , as used in metabolomics. Such detail is therefore not reproduced here, rather a brief overview is given below.
Following acquisition of the NMR response and processing to produce well-phased and baseline-corrected spectra, the first stage of chemometric analysis traditionally involves data reduction. This is usually achieved through "binning," whereby the spectrum is divided into smaller regions (bins), and the area under the signals contained in each bin is obtained. This process is performed on each spectrum, from all patients for example. The reduced data, a two-dimensional matrix of bin numbers (the number of columns being the number of bins which may be several 100, which are directly related to chemical shift), and number of spectra (the number of rows being the number of patients sampled, for example) are then normalised to accommodate concentration changes which are patient-dependent and scaled to reduce the dominating effect which high concentration components of the biofluid can have on the subsequent statistical analysis. The data are then interrogated using a multivariate statistical analysis (MVA) approach. Principal components analysis (PCA) is one such MVA method, which reduces the number of bins into a smaller number of variables called principal components (PCs) that describe the majority of the variation in the spectral data. This analysis produces a scores plot and a loadings plot which can be used, for example, to identify trends across a set of patients Figure 2 : A typical metabolomics procedure requires data acquisition using a suitable technique, data reduction and finally multivariate analysis (MVA) to interrogate the sample data. For this example, human blood plasma is analysed using NMR spectroscopy followed by binning as the data reduction method. Principal components analysis (PCA) is the MVA employed producing a scores plot and a loadings plot which can be used to identify trends across the set of patients.
( Figure 2 ). Partial least-squares discriminant analysis (PLS-DA) is another MVA method, but a quantitative relationship is determined between the aforementioned two-dimensional matrix and another matrix, such as gender or some other category [18] .
Amongst the review articles covering NMR-based metabolomics applications, some include subsections relevant to cardiovascular studies [19] [20] [21] , and there are more general reviews concerning both clinical and nonclinical applications of NMR [22, 23] . In contrast, this paper will focus on key publications in which NMR spectroscopy has been employed, where the aforementioned general disease state, or its implications, has been the main point of interest.
Methods
A systematic review was conducted of articles in the Embase and Web of Knowledge (WOK) databases. For both databases, the same keywords were used, with NMR always being one of the search terms (Table 1 ). In the absence of a time period restriction, almost 2000 articles were sourced. As there have been considerable advances in both instrumentation and data handling software in recent years, the time frame was reduced and restricted to January 2000 to June 2012. This still resulted in approaching 1000 articles. The keyword was paired with each of the five terms in the search engines used, for example "NMR AND arter. * " Terms within brackets are examples of truncation and alternative spellings that are encompassed by the wildcard feature. * Clearly due to the broad nature of the disease and versatility of NMR, it is not possible to produce a review that is both substantive and general including all the search results. Consequently the abstracts for these were searched and the number of reports considered in detail here reduced to around 20 on the basis of the novelty of the work, the depth of the analysis reported, and the direct relevance to the disease area. In this way, around half of the articles 4
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Overall spectrum VLDL LDL HDL considered relate to the measurement of lipid and lipoprotein content, the other half utilising the metabolomics approach.
For completion, a small number of articles relating to other potential indicators are also included.
Results

Measurement of Lipids and Lipoproteins.
Current prevention guidelines recommend measurement of standard lipids, including quantification of cholesterol or triglyceride content of lipoproteins, to assess the risk of cardiovascular disease (CVD), but it has been suggested that alternative lipoprotein measures, including lipoprotein subclass profiling of plasma or serum, using NMR spectroscopy may improve risk prediction [24] . This particular NMR application aims to provide information in a much shorter time period than the established ultracentrifugation method; results can be gained after a few minutes rather than many hours. Additionally, no sample pretreatment or physical or chemical decomposition is required [25] , nor fasting of patients before sample donation [26] . There are two leading groups working in this area headed by J.D. Otvos and M. Ala-Korpela. Indeed, Otvos has established a lipoprotein profiling company, currently named LipoScience [27] . The data handling adopted by Otvos and coworkers as part of their analysis platform has, however, been criticised by Ala-Korpela and coworkers with regards to its accuracy in resolving the lipoprotein signal into individual component signals [28] ; hence, they have used alternative methodologies including metabolomics [29] . Lipoprotein particles have different diameters and are generally categorised in terms of diameter range; each category or subclass givs rise to representative signals in the NMR spectrum. However, these signals are broad and the chemical shift dispersion is not great (Figure 3 ).
The basis for the analysis is described in brief here with references given as appropriate for a more detailed treatment. In 1 H NMR spectra of plasma, lipid methyl (CH 3 ) groups are observed at ∼0.8 ppm, whilst methylene (CH 2 ) groups appear at ∼1.2 ppm; larger lipids have the greatest downfield shift (highest ppm value), and smaller lipids have the greatest upfield shift in each spectral region. Otvos et al. concentrate on analysis of the methyl signals, whilst Ala-Korpela et al. focus on the methylene region. The methyl and methylene groups are contained both in the core (cholesterol ester and triglycerides) and in the surface shell (phospholipid and unesterified cholesterol) of the lipoprotein. To a close approximation, the number of methyl groups contained within a particle depends only on the diameter of the particle [30] . From the methyl group signal, the concentration of the subclass can be determined. Using purified standards information the concentration of subclasses can be calculated, and, hence, also that of lipoprotein classes as well as HDL (high density lipoprotein) and LDL (low density lipoprotein) cholesterol and triglyceride concentrations. There is a good correlation between NMR spectroscopy-derived and chemically measured lipid levels [28, 30] . A number of studies employing the lipid/lipoprotein analysis approach are considered below.
As a consequence of mutations in the LDL receptor gene, levels of low-density lipoprotein cholesterol (LDL-C) are elevated, from birth, in children with familial hypercholesterolemia (FH) [31] . These children are predisposed to CVD and were shown to have a more highly atherogenic lipid profile than non-FH siblings. Pravastatin had previously been shown to safely reduce LDL-C levels in children with FH. In this study the drug was found to alter the concentrations of the various lipid types [31] (Table 2) in such a manner to indicate that pravastatin therapy cannot fully restore, but can improve, the lipoprotein profile of FH children to one that is normal. However, the significance of small and large LDL levels has been questioned by Mora et al. [32] .
Levels of HDL were the focus of investigation in patients with stable coronary arterial disease (CAD) taking statins and receiving either placebo or a form of α-tocopherol (AT) for a two year period [33] . AT therapy did not affect total, small, medium or large HDL particle concentrations compared with baseline or placebo, nor the equivalent categories for LDL and VLDL (very low density lipoprotein) concentrations. This led to the conclusion that AT does not cause the attenuation of statin therapy, as observed in a previous study using the same form of AT combined with a mixture of vitamins [34] .
Although prolonged survival has increased amongst individuals with human immunodeficiency virus (HIV) infection, in part due to antiretroviral therapy (ART), CVD is now a leading cause of death and the disease rate is higher for individuals with HIV than without [35] . HDL levels were lower for patients at the study start who subsequently had a CVD event, prior to the CVD event independent of initial levels and who received intermittent ART compared to continuous treatment.
Differences in the sizes of lipoprotein particles and concentrations of lipoprotein subclasses between males and females were investigated to determine whether gender was a risk factor for coronary heart disease (CHD) [36] . Compared to women, men had smaller LDL and HDL particles but larger VLDL particles. Samples were further categorised according to age (less than 45 years old, 45 to 54, and 55 or greater), and it was reported that the difference in HDL particle size between men and women decreased by ∼50% with age as does the difference in CHD risk. Little change in LDL particle size with age was observed, but the difference in total LDL particles between sexes narrowed with age: the over 55 category having similar levels whereas at lesser ages, women have much lower levels than men. The increased LDLcholesterol concentration of older women was attributed to higher concentrations of intermediate and large LDL rather than small LDL. After adjustment for lipid and lipoprotein concentrations, the sex differences in the mean sizes of lipoprotein particles persisted indicating that women have a less atherogenic subclass profile than men [36] .
In a study of atherosclerosis in which small LDL levels were classified into 4 categories and large LDL levels classified into 4 categories per small LDL group, a positive correlation was found between intima-medial thickness (IMT) and LDL concentration within each of the small LDL categories [32] . Additionally, a significant linear association of large LDL concentration with IMT was revealed along with a greater difference in IMT per large LDL particle compared with small LDL. It was concluded that a strong confounding factor of the association of large LDL with subclinical atherosclerosis was small LDL and could explain why it is often thought that larger LDL size is less atherogenic.
Increased LDL levels in the Alaskan Eskimo population, which has a high cardiovascular risk but little hyperlipidemia, were linked to factors associated with atherosclerosis [37] . A greater carotid IMT was associated with total LDL particle concentration independently of other traditional risk factors. Carotid plaque was associated with greater concentrations of large LDL particles and a reduction in the number of large VLDL particles and VLDL size. Additionally, large LDL particle concentrations were significantly, and inversely, associated with VLDL size. Small VLDL particles can enter the subendothelial space more easily resulting in the suggestion that VLDL could have an atherothrombotic role which would lead to plaque formation. Large LDL particles are implicated in CVD in agreement with Mora et al. [32] and not just small ones as concluded by some previous studies [38] .
Metabolic syndrome (Met Syn) in both men and women has been studied in relation to lipid and lipoprotein profiling. As the number of components of Met Syn increased, LDL particle numbers increased, especially for small LDL. However, a higher small LDL particle number was not associated with an increased CVD event rate [39] . Two suggestions were made regarding small LDL: it does not directly promote atherosclerosis and instead acts as a marker or it might predict CVD risk when considering all patients rather than just Met Syn individuals. Changes in small LDL and large VLDL levels mirrored those of primate studies [40] .
Diabetes is known to be a confounding factor in CVD; hence, diabetics are an interesting group to study with regard to lipid metabolism. Considering a cohort of nondiabetic and, at study end, diabetic patients, VLDL size and small HDL levels were found to differ significantly [41] . At the study start, the latter had a lipoprotein profile more similar to those who initially had diabetes than the former indicating a proatherogenic profile in prediabetic individuals.
As well as identifying many significant differences in lipoprotein subclass concentrations and size in women, it has been shown that LDL particle concentration performed well for CVD risk prediction, and the measurement was equal to but not better than the total/high-density lipoprotein cholesterol ratio that is readily obtained. This supports the current recommendation that standard lipids, in particular the total/high-density lipoprotein cholesterol ratio, can be used for routine cardiovascular disease risk assessment [42] , though NMR spectroscopy provides useful additional information.
Lipoprotein profiles have been investigated both in human and nonhuman studies as well as the effects of drugs and treatments including, but not limited to, statins. Table 2 contains a summary of the articles discussed. A wealth of information regarding VLDL, LDL, and HDL levels, in terms of average size and small, medium, large, and total concentrations, has complemented and often furthered knowledge that is available from standard biochemical testing regarding cardiovascular events. Despite a study showing no increased advantage of CVD risk prediction versus biochemically derived measures [42] , given the extra information obtainable there are lots of atherosclerotic disease-related study areas that could potentially benefit from NMR spectroscopy-based lipoprotein profiling. This is supported by the American Association for Clinical Chemistry Lipoprotein and Vascular Diseases Division Working Group's recommendation to use LDL particle number concentration for assessing and monitoring patients at risk for CVD rather than LDL-C [24] . Confounding factors have to be carefully considered and many studies now adjust the significance of findings based on different confounding factors which can reduce the number of changing lipoproteins.
Metabolomics.
One of the first human studies using metabolomics concluded that diagnosis of coronary heart disease was possible because over 90% of patients with stenosis of all three major coronary vessels were able to be distinguished from patients with angiographically normal coronary arteries, with a specificity of greater than 90% [43] . However, this finding was contested by Kirschenlor et al. [44] . Brindle et al. [43] included mostly males (34 from 36) in the triple vessel disease (TVD) group but mostly females (23 from 30) in the normal coronary artery (NCA) group. Nearly all of those with CAD were taking statins, which decrease cholesterol, LDL, and triglyceride levels. These two confounding factors, gender and drug treatment, were proposed as the reason for the nonreproducibility of sensitivity and specificity levels [44] . Additionally, the severity of cardiovascular disease, as defined by stenosis of 1, 2, or 3 of the major coronary arteries, was analysed and clear separation between groups was visualised even though all patients were males. Kirschenlor et al. [44] showed that 100% of samples were correctly predicted, based on gender, and all at a confidence limit of greater than 99%. Higher prediction percentages were observed for either males or females taking statins than same sex untreated individuals, although the percentage was lower than that based on gender. Together, this is indicative of gender being a strong confounding factor and statin treatment a weaker, but still important, confounding factor. As a result, females were excluded, and statin and nonstatin groups were analysed separately when predicting CAD and non-CAD groups thus providing 80.3% and 61.3% correct predictions, respectively. NMR spectroscopy was a weak predictor of CAD compared with angiography but provided clear identification of samples based on other factors [44] . In a study conducted by Bernini et al. a large number of plasma samples from healthy donors were classified, where data existed, into quintiles based on LDL, HDL, triglycerides, total cholesterol levels, and HDL to LDL ratio. The extreme quintiles' samples revealed a number of metabolites significantly associated with low/high-risk cardiovascular disease profiles [45] .
Double cross-validation predicted sensitivity, specificity, and accuracy of extreme quintiles of greater than 95% with respect to LDL, HDL, triglycerides, and total cholesterol. When removing all lipid regions, approximately 20% of the spectrum accuracy with respect to total cholesterol decreased to 75% but confirmed that more subtle metabolic information than lipid fractions can be identified as distinguishing between samples [45] .
Metabolomics and proteomics analyses were performed on human atrial appendage (heart) tissue that was collected from two patient groups and those classified as having atrial fibrillation (AF) abnormal heart rhythm or sinus rhythm (SR) normal heart rhythm [46] . AF patients had severe nonrheumatic valvular disease, whereas SR patients were undergoing either coronary artery bypass grafting (CABG) or valve surgery. Those with preoperative SR either remained SR or developed AF (SR-AF) postoperatively. More than 80% of patients who were SR pre-CABG surgery and were either SR or SR-AF postoperatively were correctly predicted [46] . In addition to total SR-AF patients having statistically significant lower levels of glucose and creatine than total SR patients, the glucose to acetate ratio was also reduced, as was observed for patients who developed postoperative AF in both CABG and valve surgery sub-classes. The authors also observed a positive correlation between the time of onset of postoperative AF in the CABG group and the ratio of alanine plus lactate (glycolytic end products) to acetate (lipid metabolism end product) indicating that glycolytic inhibition predisposes to AF [46] . Interestingly, due to unchanged glucose levels in persistent AF patients, cardiac accumulation of glycogen has been suggested to occur through impairment of glycogen catabolism. β-hydroxybutyrate and tyrosine, which form acetoacetate and fumarate during catabolism, were elevated in persistent AF indicating that an important energy source during persistent AF could be ketone bodies.
Teul et al. [47] used NMR spectroscopy and gas-chromatography coupled to mass spectrometry (GC-MS) as complementary techniques for investigation of stable carotid atherosclerosis. Metabolites that showed statistically significant differences between patient and control as identified by NMR spectroscopy are presented in Table 3 . When both techniques were considered, most of the metabolite level changes were characteristic of metabolism alterations due to insulin resistance and hence the Met Syn, despite the majority of patients not being diagnosed as diabetics. Although removal of diabetic patients had little effect on statistical models, 3hydroxybutyrate (3-HB) and glycerol became significantly increased in patients versus controls, whereas, previously, both had been increased but not significantly. Increases in 3-HB and acetoacetate have been suggested to increase in insulin signalling deficiency cases by increased acetyl co-enzyme A (AcCoA) from lipolysis and β-oxidation of fatty acids. Increased lipolysis could be the source of increased glycerol in patients. Amino acids will less likely be used for protein synthesis due to lack of insulin response and a decrease in amino acid availability due to disposal as an energy source has been forwarded to explain reduction in alanine and proline levels. Creatinine is strongly associated with amino acid utilisation. 3-HB levels were correlated with those of many other metabolites including strongly positive with creatinine and acetoacetate, positively with proline, and strongly negative with alanine.
Prediction of, and metabolites associated with, exerciseinduced ischemia was investigated in serum from patients undergoing exercise single-photon emission computed tomography (SPECT) myocardial perfusion imaging with suspected stable coronary artery disease but without a history of prior myocardial infarction. SPECT identified patients as having or not having exercise-induced ischemia [48] . Lipids at 0.9 and 1.28 ppm were relatively elevated in serum from nonischaemic patients, whereas exercise induced ischaemic patients had elevated levels of lactate, glucose, and longchain amino acids (mainly valine, leucine, and isoleucine). These metabolites contributed to discrimination between the two groups but confounding factors, such as the higher frequency of males among subjects developing ischemia, could explain the discrimination power. Exclusion of the glucose region still resulted in separation between groups allowing the authors to conclude, diabetes did not play a major role in the study.
Mäkinen et al. [29] have presented complex metabolomics analyses of serum via multifactorial statistical methods of diabetic nephropathy and T1DM (type 1 diabetes mellitus). Diabetic nephropathy is the most severe complication of T1DM patients and is associated with a high risk of atherosclerotic diseases and premature death. The urinary albumin excretion rate is the gold standard used to determine diabetic nephropathy, but multiple overnight or 24 hour urine samples are required. Metabolomics was performed to determine whether the technique could be of diagnostic value.
Associations between a number of biochemical variables, such as 24 hour urine albumin and serum HDL2 cholesterol levels, and spectral intensities were observed. A negative association was present between glucose and biochemically measured serum sodium. Regression models were used for nephropathy diagnosis for both NMR spectral features and biochemical measurements. Both models clearly separated T1DM and non-T1DM samples. Additionally, T1DM samples were classified correctly to a similar extent by a number 8 
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Other Applications.
Chen et al. [49] have provided evidence for the double belt model for the structure of discoidal HDL, being one of the many models that have been derived such as picket fence and belt models, including double, hairpin double and flexible registry double belt submodels, but a definitive answer has not been elucidated. Discoidal HDL is a disk-shaped intermediate of mature HDL that activates the enzyme lecithin cholesterol acyltransferase (LCAT), which permits cholesterol ester addition to HDL particles. Discoidal HDL contains two apolipoprotein AI (ApoAI) molecules, the major protein component of HDL, but usually a small percentage is the lipid-poor form of ApoAI rendering it unsuitable for NMR spectroscopy analysis due to the requirements of high homogeneity and purity not being met. Ultracentrifuged HDL, which did not contain the lipid-poor form of ApoAI, was purified into small and large reconstituted HDL (rHDL) for NMR spectroscopy analysis. Two-dimensional (2D) NMR spectra (which provide better spectral or chemical shift resolution) of isotope ( 15 N) enriched protein were used with two different sizes of rHDL and indicated different tertiary structures for ApoAI. The NMR data was consistent with one form of ApoAI molecules being present hence indicating symmetry in the complex. Therefore, the double belts of the α-helix structure of ApoAI should be identical whether it forms an intermolecular or an intramolecular bundle.
Epand et al. [50] have demonstrated through various 13 C cross-polarisation/magic angle spinning (CP/MAS) NMR spectroscopy experiments the difference in cholesterol crystallite formation in lipid rafts, although the molecular reasoning for the difference could not be rationalised by NMR spectroscopy.
Lipid rafts are membranes that are composed of phospholipids with an enrichment of cholesterol and sphingolipids compared to nonraft membrane areas and have a higher degree of order [50] . Cholesterol crystallites form at higher cholesterol concentrations, but this level depends on the phospholipid; a lesser concentration is needed in phosphatidylserine bilayers than in those of phosphatidylcholine. Comparison by NMR spectroscopy of mixtures of cholesterol with 1-palmitoyl-2-oleoylphosphatidylserine (POPS) and with 1-palmitoyl-2-oleoylphosphatidylcholine (POPC) was performed, both above and below the concentration required for formation of cholesterol crystals [50] .
High body mercury content has been associated with atherosclerosis, so the question of whether mercury can promote lipid peroxidation has been addressed [51] . 1 H spectra of LDL extracts showed that the olefinic double bond (5.3 ppm), arachidonic acid (2.79 ppm), and linoleic acid (2.75 ppm) signals decreased slightly, whilst the double bond signal for linoleic increased slightly with mercury levels. Both indicate that mercury weakly promotes nonenzymatic peroxidation. However, mercury levels used were 10 μmol/L which is much higher than in whole blood 0.01-0.1 μmol/L, and, given the small changes in signal areas under realistic physiological concentrations, mercury has next to no effect on the direct nonenzymatic peroxidation of LDL, whereas copper heavily promotes this method.
Ibuprofen has been suggested to inhibit LDL oxidation, so the interaction between ibuprofen and phospholipids in lipoprotein particles in human plasma was investigated [52] . Various concentrations of ibuprofen, but all above the saturation concentration for albumin binding, revealed chemical shift changes for signals corresponding to -N + (CH 3 ) 3 headgroups of phosphatidylcholine (PC) and sphingomyelin (SM). Larger shift changes occurred as the ibuprofen concentration increased, and the SM headgroup signal changed more than that of the PC equivalent. NMR-based diffusion measurements [53] were also employed to suppress signals from low molecular weight metabolites and to differentiate between particles on the basis of molecular weight. Consideration of chemical shift and diffusion information led to the conclusion that interaction of ibuprofen with phospholipids, or ibuprofen binding inducing structural changes in the lipoproteins, is possible and might explain the mechanism by which this drug protects against oxidative modification of lipoproteins.
Conclusion
The inherent accuracy and reproducibility of NMR spectroscopy allow subtle differences in lipoprotein and metabolic profiles to be detected. Analysis of such data can provide information about changes that are underlying due to the population, for example, sex, and age, or related to initiation and development of cardiovascular disease. As more information is obtained and applications of NMR spectroscopy in cardiovascular disease increase, there is potential that a route towards reducing the burden of this worldwide problem may become evident.
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